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osting by E
cense.Abstract The preparation of allyl chlorostannan 5 was achieved into two steps via free radical dis-
placement of the sulphone group by tributyltin radical. The chemical structure of compound 5 was
conﬁrmed by normal spectroscopic methods, including NMR, IR and MS. The mechanism for the
free radical reaction of chlorosulphone 6 with tributyltinhydride is likely to proceed via the catalysis
of the trace amount of the iodoallyl chloride 4.
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Stannans have been recognized as useful synthetic reagents for
the construction of carbon–carbon bonds via free radical reac-
tions (Piers and Skerlj, 1987; Behling et al., 1988; Kelly and
Mahdi, 2002; Baldwin et al., 1993; Williams et al., 1998). Gen-
erally, there are a number of methods that have been used for
the preparation of stannans. Often these methods include Bar-
bier reaction, ultrasound-promoted Barier type reaction and.G. Mahdi).
ity.
lseviernormal Grignard (Blombary and Hartog, 1977; Molleand
and Bauer, 1982; Naruta et al., 1986). Part of our work re-
quired the preparation of allyl chlorostannan 5 to synthesis
segment C28–C38 of the okadaic acid 1, as outlined in the ret-
rosynthetic strategy (Scheme 1). Although several reported
methods were adopted, more than 20 experiments gave unsuc-
cessful result. We wish to report the preparation of allyl chlo-
rostannan 5 and the catalytical role of iodoallyl chloride 4.
2. Experimental
Preparation of 3-(2-chloropropenyl) p-tolylsulphonate 6 from
2,3-dichloropropene 2 (30 g, 0.27 mol) was added drop wise
at room temperature to a solution of sodium p-toluenesulphi-
nate hydrate (63.6 g, 0.36 mol) in DMF (200 ml). The reaction
mixture was heated at 90 C for 2 h, and then poured into 2 l
of ice. The mixture was extracted with ether (2 · 200 ml), dried
with magnesium sulphate concentrated and puriﬁed by ﬂash
column chromatography over silica gel to give the title com-
pound 1e as white crystals (44.5 g, 73%).
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292 J.G. Mahdi et al.From 2-chloro-3-iodoprope 4 sodium iodide (33 g,
0.23 mol) was added to a stirred solution of 2,3-dichloropro-
pene 1a (5 g, 45 mmol) in AnalaR acetone (100 ml). The reac-
tion mixture was heated under reﬂux overnight and then
concentrated under vacuum. Dichloromethane (100 ml) was
added and the precipitate removed by ﬁltration. The ﬁltrate
was washed with sodium thiosulphate (10%, 2 · 50 ml) and
water (2 · 30 ml), dried over sodium sulphate ﬁltered and con-
centrated to give 2-chloro-3-iodopropene 4. Following the pro-
cedure above, this crude product (8.7 g, 42.9 mmol) was
reacted with sodium p-toluenesulphinate hydrate (11.4 g,
64 mmol) in DMF (100 ml). Work up and column puriﬁcation
gave the title compound 4 as white crystals (7.3 g, 74%). M.p.
76–77 C; Rf 0.32, 50% diethyl ether in Pet; C10H11O2SC1 re-
quires C 52.06%, H 4.81%, Found C 52.13%, H 4.60%; 1H
NMR (CDC13): d 80 (2H, d, 8.0 Hz, H–Ar), 7.36 (2H, d,
8.0 Hz, H–Ar), 5.50 (1H, d, 2.0 Hz, H3-trans), 5.36 (1H, d,
2 Hz, H3-cis), 4.04 (2H, s, H1), 2.46 (3H, s, H–Me); 13C
NMR (CDC13): 144.95 (s, C2), 134.63 (s, S–C–Ar), 129.50
(d, CH–Ar), 128.77 (s, Me–C–Ar), 128.38 (d, CH–Ar),
121.44 (t, C3), 64.49 (t, Cl), 21.36 (q, Me–toluene).
Preparation of 3-(2-chloropropenyl)-tri-n-butylstannane 5:
3-(2-chloropropenyl)-p-tolylsulphonate 6 (4 g, 17.3 mmol)
was dissolved in toluene (100 ml) and degassed by with a
stream of argon gas for 10 min. Tri-n-butyltin hydride (6 g,
20.6 mmol), allyl iodide 4 (1 drop) and AIBN (25 mg) were
added in sequence. The reaction mixture was heated at 90 C
for 1 h and then concentrated under reduced pressure to give
a crude oily residue which was puriﬁed by ﬂash column chro-
matography over silica eluted by petroleum ether to give the
title compound as a clear oil (3.1 g, 49%). A similar experi-
ment was run in THF (100 ml), instead of toluene. The reac-
tion mixture was heated for 5 min in an oil bath set at 90 C.
Puriﬁcation by column chromatography as above gave the title
compound 5 as a clear oil (3.4 g, 54%). 1H NMR (CDC13): d
4.9292 (1H, d, 1.0 Hz, H3-trans), 4.79 (1H, d, 1.0 Hz, H3-cis),2.11 (2H, s, H1), 1.60–1.55 (6H, m, H6), 1.42–1.33 (6H, m,
H5), 1.05–1.02 (6H, t, H4), 0.70–0.96 (9H, t, H7); 13C NMR
(CDC13) d 143.89 (s, C2), 106.26 (t, C3), 28.95 (t, C5), 27.28
(t, C6), 23.19 (t, Cl), 13.64 (q, C7), 9.78 (t, C4); Rf 0.85, Pet;
EI-MS (C15H31SnCl) m/z 366.0 (M)
+, 291 (C12H27Sn), 235
(C8H19Sn), 121 (SnH).
3. Results and discussion
During the course of a synthesis of okadaic acid 1 it was re-
quired to prepare 2-chloroallyl-tri-n-butylstannane 5. As indi-
cated earlier, allyl stannanes are conveniently prepared by
simultaneous reaction of allyl halides with halostannanes and
magnesium (Barbier reaction) (Nishigaichi et al., 1993). How-
ever, application of this method to 2-chloroallyl chloride 2,
bromide 3 or iodide 4 gave exclusively hexabutylditin. Simi-
larly, reaction of tri-n-butyltin magnesium chloride and 2-chlo-
roallyl chloride 2 gave exclusive tri-n-butyltin hydride. The
absence of products derived from the allyl moiety is probably
due to elimination of hydrogen chloride by these strong bases
to give chloroallene 7 (Scheme 2).
This problem was circumvented by Baldwin et al. who con-
verted 2-chloroallyl chloride 2 to the corresponding iodide 4,
which underwent nucleophilic substitution by sodium p-tolu-
enesulphinate to give the sulphone 6, which in turn was dis-
placed by tri-n-butyltin radical (Baldwin et al., 1982, 1988;
Villieras and Ramband, 1982; Barton and Crich, 1984, 1985,
1986). This procedure was successfully repeated to give the
chloroallylstannane 5 as reported previously. We are always
impatient to remove excess steps from synthetic sequences
and reasoned that the 2-chloroallyl chloride 2 would be sufﬁ-
ciently reactive to undergo displacement by sodium p-toluene-
sulphinate. Heating at 90 in DMF (Harwood and Moody,
1989) gave the requisite sulphone 6 as a crystalline material
was subjected to the free radical displacement, the predomi-
nant product was hexabutylditin. In the best ﬁve repetitions
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Catalysis of a free radical allylic displacement by allyl iodide 293a 50:50 mixture of hexabutylditin (plus other tin species) and
the chloroallylstannane 5 was obtained (Scheme 3).
This perplexing difference in behavior between apparently
identical materials was resolved by mixing the batches of sul-
phone 5 from the two routes. Upon subjecting the mixture
to free radical substitution, the chloroallylstannane 5 was
formed in good yield. This result provided good evidence that
some impurity from the allyl iodide route was promoting the
reaction rather than an alternative hypothesis in which some
impurity from the allyl chloride route was acting to retard
the reaction. We suspected that traces of the chloroallyl iodide
4 were promoting the reaction. Addition of catalytic amounts
of the chloroallyl iodide 4 to the sulphone 6 derived from the
chloroallyl chloride route followed by successful free radical
substitution would support this hypothesis, however it could
not exclude the possibility that some minor constituent of this
material was acting as a catalyst. Moreover, the chloroallyl io-
dide 4 is rather unstable and not amenable to puriﬁcation.
Consequently, we added a trace of commercial allyl iodide to
the sulphone 6 derived from the chloroallyl chloride route
and subjected this to free radical substitution with tri-n-butyl-
tin hydride. This gave an excellent yield of the chloroallylst-annane 5. Similarly, we were able to achieve the same
transformation in THF in only 5 min, by using allyl iodide
catalysis. The exact role of the allyl iodide is still unclear.
The rate of abstraction of iodine from alkyl iodides by stannyl
radicals occurs at close to the diffusion limit (Curren and
Chen, 1987). Therefore, the allyl iodide must be quickly con-
verted to tri-n-butyltin iodide. The sulphone radical should re-
act comparatively slowly with tri-n-butyltin hydride and
therefore, will have the opportunity to participate in chain ter-
minating processes. However, if the sulphone radical was cap-
tured by tri-n-butyltin iodide this would allow the chain to
propagate by formation of tri-n-butyltin radical and provide
a sulphonyl iodide which could be reduced directly and more
rapidly by tri-n-butyltin hydride.
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